The band 3 protein was first discovered in 1971 on SDS gel electropherograms of the human erythrocyte membrane, where it forms the third major band from the top [ 11. It is a glycoprotein with a molecular mass of about 100 kDa and consists of two domains of approximately equal size. One of them is hydrophobic and associated with the lipid bilayer. The other is hydrophilic and extends into the cytosol.
The band 3 protein was first discovered in 1971 on SDS gel electropherograms of the human erythrocyte membrane, where it forms the third major band from the top [ 11. It is a glycoprotein with a molecular mass of about 100 kDa and consists of two domains of approximately equal size. One of them is hydrophobic and associated with the lipid bilayer. The other is hydrophilic and extends into the cytosol.
It has been postulated that the protein accomplishes at least four different functions.
(1) The hydrophilic domain contains a region which serves as a binding site for haemoglobin [2, 31 and certain glycolytic enzymes [4] . When bound, the enzymes are inactivated. Phosphorylation of a tyrosine residue at the binding site on band 3 leads to the release of the enzymes, which results in their reactivation [5] . This process seems to play a role in the regulation of the glycolytic activity of the erythrocyte [6] .
(2) Another binding site on the hydrophilic domain is involved in the binding of ankyrin [7] . This protein establishes a bridge between the band 3 protein in the lipid bilayer and spectrin, the main constituent of the membrane skeleton underneath the bilayer.
(3) The hydrophobic domain mediates the electroneutral exchange across the cell membrane of inorganic anions, notably of HCO; against CI-, and thus plays an essential role in the transport of the respiratory gas CO, in the blood (for reviews, see .
(4) Changes of band 3 structure or organization in the membrane are recognized by the immune system of the body and serve as a signal for the removal of senescent erythrocytes from the circulation (for review, see [ 121) .
Immunological techniques and molecular biological hybridization techniques have demonstrated the ubiquitous occurrence of band 3-like proteins in the cells of many different tissues, including lung, liver, kidney, brain, pancreas, fibroblasts, leucocytes and others [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The molecular masses of these band 3-like proteins may differ in different tissues over a range from 60 kDa to 180 kDa. The hydrophobic domains show more pronounced sequence homologies than the hydrophilic domains. The available data suggest that the various band 3-like proteins are derived from a family of different although related genes. The functions of the band 3-like proteins in the cells other than mature erythrocytes have not yet been clearly established. However, there seems to be little doubt that their functions involve pH equilibration (via Cl-/HCO; exchange) and transport of inorganic anions (including the metabolically important phosphate and sulphate ions).
The cDNAs of erythroid band 3 of mouse [23, 241, chicken [25, 261 and man [27] and the non-erythroid band 3 in certain erythropoietic precursor cells [23] and a number of other tissues [28] [ a 260-480 ions (band 3 ) -I s-I , at WC]. These observations do not necessarily imply that non-erythroid and erythroid band 3-mediated transport processes are identical. In fact, studies on the anion transport in K562 cells [32] [33] [34] , a cell line from human leukaemic cells, which contains a nonerythroid band 3 derivative with a high sequence homology with human erythroid band 3 [23] , show very much less pronounced differences in the relative rates of SO:-and CItransport than erythroid band 3. In addition, the potent erythroid band 3-specific inhibitor H,DIDS (4,4'-di-isothiocyanostilbene-2,2'-disulphonate) inhibits anion transport in KS62 cells with a much lower affinity than in the erythrocyte. Also in contrast to the situation in the erythrocyte, H,DIDS is incapable of covalent bond formation near its site of noncovalent binding.
Although band 3 and band 3-like proteins appear to occur in most or all of the tissues studied so far, it is not clear if additional proteins exist that are also able to accomplish inorganic anion transport across cell membranes. In particular, the transport of SO:-and C1-in tumour ascites cells of the mouse [35] show properties which are similar to band 3-mediated transport, such as CI-/SO:-competition for a common transfer site. They exhibit, however, a much lower sensitivity to inhibition by H,DIDS and other peculiarities which make it difficult to reconcile the findings with the idea that a band 3 derivative is involved. Furthermore, hybridization experiments using a mouse erythroid cDNA fragment produced no evidence for the occurrence in the tumour ascites cells of an erythroid band 3-like protein (S. FurutoKato & H. Passow, unpublished results) .
In the present paper two questions will be addressed that are related to what has been said above about band 3. Is the inorganic anion transport across the erythrocyte membrane exclusively accomplished by the erythroid band 3 protein? Does a single band 3-encoding cDNA clone, as used for deducing the amino acid sequence of band 3, express a protein that mediates anion transport as the bulk of band 3 in the erythrocyte?
The discussion of these questions will be based on experiments with erythrocytes of the mouse and with a cDNA clone coding for the mouse erythroid band 3 protein, which has been expressed in oocytes of Xenopus luevis.
Evidence for a SO:-transport system independent of band 3 in the mouse evthrocyte Inorganic anion transport in the mouse erythrocyte can be blocked by the highly specific band 3 inhibitor H,DIDS. At maximal inhibition, CI-flux is virtually completely abolished while a residual SO:-flux ( = 20% of control at 30°C) persists (Fig. 1) . When the inhibition of transport is plotted against H,DIDS binding to the band 3 protein (determined by isolation of the protein in samples of the cells used for the transport measurements), straight-line relationships are obtained [29] . At maximal inhibition of both SO$-and CIflux, all of the about 500000 band 3 molecules in each erythrocyte are occupied by H,DIDS. In the experiments described, SO:-flux was measured in the absence of CI-, and CI-flux in the absence of SO:-. SO$-flux is stimulated when at constant SO$-concentration the CI-concentration in cells and medium is increased (Fig. 2) . At about 90-mM-CI-, SO:-efflux passes through a maximum. Apparently, we observe the superimposition of stimulation of SO:-transport by CI-binding to a modifier site and inhibition by CI-/ SO:-competition at the transfer site. When band 3-mediated transport of CI-and SO:-is maximally inhibited by complete occupancy of all available HzDIDS binding sites on band 3, stimulation and inhibition of SO:-transport can still be observed, suggesting that the CI--stimulated transport component is not controlled by the H,DIDS binding site on band 3.
In another series of experiments both SO:-and C1-transport were measured as a function of HzDIDS binding to band 3. The measurements were performed at a CI-concentration that produces nearly maximal stimulation of SO:-flux (1 30 mM-CI-; Fig. 3 ). In these experiments, the HzDIDS concentration range was extended far beyond the concentration necessary to obtain complete occupancy of all band 3 100 4 Fig. 1, (ghosts) .
molecules. Saturation of band 3 with H,DIDS was confirmed by demonstrating that Cl-transport was completely inhibited when 450000 band 3 molecules were occupied by H,DIDS and that the further increase of H,DIDS concentration in the medium produced no further increase of HzDIDS binding to band 3. Up to this point, the inhibition of CI--stimulated SO,,-flux is small. This indicates that this flux component is not controlled by the H,DIDS binding site on band 3. Increasing the H,DIDS concentration to values much higher than needed to occupy all band 3 molecules leads to further irreversible blocking of SO:-transport. This indicates the involvement in SO:-transport of H,DIDS binding sites besides the band 3 protein, or of a subpopulation of band 3 molecules too small to be detectable with our methods. These sites are obviously much less susceptible to irreversible H,DIDS binding than the H,DIDS binding site in the bulk of the band 3 molecules. In addition, after blocking the H,DIDS binding sites on band 3 with non-radioactive H2DIDS, and subsequent treatment with 'H2DIDS at much higher concentrations than required to achieve complete inhibition of the Cl--stimulated SO,,-flux, autoradiography of SDS/polyacrylamide-gel electropherograms showed the absence of further labelling of band 3 and led to the discovery of a number of labelled bands besides band 3 (not shown). However, thus far no clear correlation could be established between inhibition of the CI--stimulated SO:-flux and the labelling of any of these latter bands.
Before irreversible, covalent bond formation, H,DIDS combines reversibly with its binding site on band 3. This reversible binding suffices for inhibition. The stilbene derivative DNDS (4,4'-dinitrostilbene-2,2'-disulphonate) produces specific, reversible inhibition similar to H,DIDS, but is incapable of the subsequent irreversible binding. We have studied the effect of CI-concentration on the DNDS concentration for half-maximal ( K l i z ) (Fig. 4 ) inhibition of SO:-transport. In the absence of CI-, KIi2 is about 1-2 PM. With increasing CI-concentration, when the SO$-flux is stimulated, K I ,, increases in a sigmoidal manner with a Hill coefficient of 2-3, and reaches a plateau at about 100 PM-DNDS. The existence of the plateau shows that the effect of CI-is non-competitive. At the high CI-concentration, where DNDS inhibition reaches the plateau, CI-transport is in- Vol. 17
hibited by DNDS with K,,? = 1-2 p~ (not shown), indicating that the band 3-mediated anion transport underwent little if any change of K , , ? and thus behaved quite differently from the CI--stimulated SO:-transport. This conclusion is corroborated by the finding that occupancy of all band 3 molecules with HzDIDS before the measurement of K,,, at maximally stimulating CI-concentration yields a K ,,, value which is of the same order of magnitude as that seen without prior HzDIDS blockage of band 3 (Fig. 5) . Dinitrofluorobenzene (DNFB) inhibits anion transport in the erythrocytes of man and mouse. This inhibition takes place by reaction with a lysine residue on band 3 that is involved in the covalent binding of H2DIDS. Hence, H,DIDS or DNDS binding to band 3 prevents the reaction of DNFB with the inhibitory site. We have observed that in the mouse erythrocyte, the concentration of DNDS required to prevent the DNFB inactivation of CI-transport is less than 100 p~, while more than 1000 ,DM is needed to produce a similar protection against inactivation by DNFB of the Cl--stimulated SO:-transport (Fig. 6 ).
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Fig. 4. Dependence ofKli2for SO;-eqirilibriirm exchutige on C'I-concentration
Number of data points at each CI-concentration pertaining to the corresponding error bars shown in parentheses. Flux measurements at pH 6.6, 30°C; SO;-concentration, 1 mM, EDTA concentration, 20 mM.
Our results indicate the existence of a CI--stimulated SO:-transport component which cannot be correlated with the stilbene disulphonate-inhibitable SO:-transport that is mediated by the bulk of the band 3 protein. So far, no transport protein could be identified that is responsible for this newly described flux component. The number of the transport protein molecules involved must be much smaller than the number of band 3 molecules, probably 15% or less. The nature of the protein is unknown. Perhaps the as yet unidentified protein is a band 3-like precursor of the erythroid band 3 (similar to the non-erythroid band 3 in K562 cells) which continues to be present when the mature erythrocytes are formed. However, the protein could equally well be unrelated to band 3 and occur alone, or be associated with it like the recently discovered gp 155 [36] . Finally, it cannot be excluded that the formation of band 3 tetramers may be responsible for the CI--stimulated SO:-flux component and for the exposure of the inhibitory low-affinity stilbene disulphonate binding site.
The newly described transport system seems to perform SO$-transport with a much higher turnover number than band 3. The inhibition of this system by CI-concentrations higher than those required for stimulation of SO:-flux indicates Cl-/SO:-competition. This suggests that the system may also transport CI-, although with a turnover number that is very much smaller than that of band 3.
Microinjection of a cRNA into Xenopus oocytes leads to the functional expression of band 3
To study the question whether or not an isolated cDNA clone that had been used to deduce the amino acid sequence of mouse band 3 [23] is representative for the bulk of band 3, we have prepared the corresponding cRNA and microinjected it into oocytes of A'. luevis. By immunoprecipitation and a histoimmunofluorescence technique. we have demonstrated the successful expression of band 3 protein. We were able to detect a CI-flux component which does not normally occur in the Xenopirs oocyte. The appearance of band 3 and this flux component could be prevented by coinjection of antisense band 3 cRNA, and the newly generated flux could be abolished by typical inhibitors of band 3-mediated anion transport such as DNDS, H,DIDS. DNFB, dipyridamole and phloretin. After oligonucleotide-directed mutagenesis of two The H,DIDS treatment was performed under conditions which led to a 1:l occupancy of all band 3 molecules by H,DIDS. Medium: 250 mM-NaCI, 20 mM-EDTA, 1 mMNa,SO,, pH 6.6, 30°C. The inhibition of SO:-transport after the covalent occupancy of band 3 was about 30%. x , Band 3 blocked by covalently bound H,DIDS; 0 , untreated ghosts. Erythrocyte ghosts were exposed to DNFB (250 p~, pH 7.4, 37°C) for 45 min in the presence of the DNDS concentration indicated on the abscissa. Medium: 130 mM-NaCI, 20 mM-EDTA, 1 mM-Na,SO,. Subsequently, unreacted DNFB and DNDS were washed away and the equilibrium exchange of SO:-and CI-was measured at 0°C. pH 7.4. 0 , CI-flux, 0°C; x , so: -flux, 0°C.
lysine residues (conversion of Lys-558 and Lys-561 into asparagine residues), transport could still be executed and DNDS and H>DIDS could still produce the same high degree of inhibition as in oocytes in which the unaltered band 3 was expressed. However, as a consequence of the replacement of the lysine residues by the asparagine residues, HzDIDS could n o longer produce irreversible inhibition by thiourea bond formation with a lysine. These experiments indicate that the band 3 protein species derived from the clone of Demuth et ul.
[ 231 executes the anion transport function essentially similar to the bulk of the band 3 in the mouse erythrocyte [37] . Unfortunately, the band 3-mediated SO:-transport is too slow to be measurable in the oocyte. Thus the expression of band 3 in the oocytes could not be used to support our inferences about the existence o f a band 3-independent SO:-transport protein.
